Ultrasound examination showed no evidence of gall stones or sludge in any of the patients, with the exception of the 11 with documented pigment stones. In these 11 patients, the gross appearance and chemical analysis of the stone, as well as the absence of cholesterol monohydrate crystal in the sediment,9 were used to classify stone composition. All the results remain significant when the statistical tests were performed without the pigment stone patients. Criteria for a priori exclusion from the study were obesity (> 125% ideal body weight), recent weight loss, hyperlipidaemia (plasma cholesterol >250 mg/dl, plasma triglycerides (>200 mg/dl), or diabetes mellitus.
Several previous reports have shown an increased incidence of gall bladder disease in patients on long term total parenteral nutrition. ' 2 In addition to biliary sludge, they develop gall stones and symptomatic biliary disease. The prevalence of biliary sludge in patients on long term total parenteral nutrition is as high as 100%,' and is a 18 hours after the last lipid infusion by puncture of the gall bladder" at the beginning of the operation before manipulation of the gall bladder. After aspiration of all the bile, the gall bladder was palpated for stones, to confirm the preoperative ultrasound examination findings.
BILE ANALYSIS
The aspirated bile was shaken and samples were immediately frozen at -70°C for subsequent lipid analysis. The remaining bile was ultracentrifuged at 192 000 g for 40 minutes at 250C to remove cell debris. Samples of the supernatant bile were separated into the vesicular and micellar phases, as described previously.'2 The distribution of biliary cholesterol between the vesicular and micellar carriers was determined as described previously.8 12 Nucleation time of bile samples at 37°C was determined as previously described.'3 The chemical composition of whole bile frozen at -70°C was determined within four weeks. The bile acid concentration was determined enzymatically, ' cholesterol was determined by the method of Abbell et al"' and phospholipids as described by Bartlett.'6 The chloesterol saturation index (CSI) was calculated using the critical tables of Carey. 11
ISOLATION AND IDENIFICATION OF FATTY ACID COMPOSITION
Frozen bile samples were thawed and extracted with methanol-chloroform according to Bligh and Dryer.'8 To purify the necessary lipids for further analysis, the chloroform extracts were passed through a silicic acid column. Neutral lipids were eluted with chloroform; this was followed by acetone, which removed most of the bile pigments. Phospholipids were isolated from the chloroform eluate by thin layer chromatography on silica gel G plates employing hexanediethylether-acetic acid-methanol (90:20:2:3 by volume) as solvent. Phosphatidylcholine was isolated from the phospholipid eluate by thin layer chromatography using chloroformmethanol-acetic acid-water (100:20:12:5, by volume) as solvent. Lipids were eluted from the plates with a mixture of chloroform-methanolwater (1:1:0. 1 by volume). Phosphatidylcholine was saponified with 0.5 M methanolic-KOH at 500C, and the fatty acids recovered after acidification by hexane extraction. The fatty acids were methylated with diazomethane'9 and separated by gas liquid chromatography on a 25 M fused silica column crossed linked with methylsilicone (0 52 m film thickness) at a temperature range of 185°C-230°C employing a Hewlett Packard 5990A gas chromatograph equipped with a flame ionization detector. The relative composition of a fatty acid mixture was calculated from the areas under the peaks employing a Hewlett-Packard 3390A integrator. For quantitative analysis, heptadecanoic acid was added as internal standard, assuming that the response of the detector for all methyl-fatty acids was identical.
PLASMA LIPID ANALYSIS Ten ml ofblood drawn into glass tubes containing the anti-coagulant ethylene diamine tetra-acetic acid (1 mg/ml of blood) were transferred to the laboratory in iced water for immediate separation by low speed centrifugation (1000 g) for 10 minutes at 40C using a refrigerated centrifuge. Sodium azide (1 mg/ml plasma) was added to the plasma, and the plasma was then kept at 4°C for up to five days before determination of total plasma lipids. Triglyceride concentrations were determined enzymatically by Test-Combination: triglycerides without free glycerol (Boehringer Mannheim). Total and free cholesterol were determined by an enzymatic colorimetric test (Table III) . However, these effects were not significant (0O lO>p>pO 50).
The effects of the MCT/LCT infusion were in the same direction but more pronounced. This infusion resulted in a 50% increase in phospho- lipids and a twofold increase in cholesterol concentrations (p<O-OOl). The 25% increase in bile salts was not significant (Table III) . The CSI increased after infusion of both lipid emulsions but this was significant only with the MCT/LCT emulsion. The increase in the CSI in patients infused with MCT/LCT was greater than that observed for patients infused with LCT, despite a rise in bile salt concentration in the former group. The increased CSI in the MCT/ LCT group was accompanied by an apparent shortening of the nucleation time, but this change was not statistically significant.
There were no significant differences between the three groups in the fraction of cholesterol contained in the vesicles. A mean of 7.5 (8 0) of the cholesterol was found in vesicles in the bile of all the patients.
The fatty acids profile of biliary phospholipids was not altered after the infusion of the different lipid emulsions (Table IV) .
In analysing the relationships between infusion induced changes in bile and blood, the only correlation found was that between the rise in plasma triglycerides and biliary cholesterol for both emulsions (T=0-535; p<0050). Discussion Long term total parenteral nutrition has been reported to induce biliary sludge and cholelithiasis.' 2This is commonly attributed to bile stasis in the absence of oral feeding. This study examines the possibility that lipid induced changes in bile composition and lithogenicity also contribute to this complication of total parental nutrition. The data presented here indicate that short term infusion of MCT/LCT lipid emulsion caused significant changes in bile composition and lithogenicity. The lithogenic effect of long term infusion of this emulsion, coupled with gall bladder stasis, might lead to a greater risk of gall stone formation. Nonetheless, this speculation will have to be tested epidemiologically.
Infusion of LCT, the commonly used fat emulsion, caused only a moderate and insignificant increase in biliary cholesterol and phospholipids as well as in the CSI, without affecting the nucleation time. This does not rule out the possibility that a long term infusion of LCT emulsions could have a more pronounced effect on the lithogenicity of bile and eventual stone formation. Bile stasis may still be considered as a major factor, but supersaturation due to an increased level of biliary cholesterol may also contribute to stone formation.
The mechanism by which fat emulsions increase the biliary cholesterol concentration is not clear. The possibility that lipid infusion somehow results in increased water absorption from the gall bladder, hence increasing the concentrations of all the bile components, seems unlikely in view of the finding that the various bile components were affected differently by the lipid infusion (Table III) . Two In conclusion, these results show that acute lipid infusions affect biliary lipid composition within a short period of two days. This effect is more marked with MCT/LCT infusions than LCT alone and results in an increase in bile lithogenicity. These data may contribute to our understanding of the development of sludge and gall stones during total parenteral nutrition containing lipid emulsion. 
